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The segment of elderly individuals comprises a growing proportion of the global popula-
tion. Health care systems and health care providers worldwide need to understand the
speciﬁc challenges related to treatment of this heterogeneous patient population. The
process of ageing is complex and under constant inﬂuence by numerous factors, for which
reason the way human age is extremely individual.
It is important to understand and acknowledge how elderly differ from younger adults,
and howmanagement needs to be modiﬁed and tailored to the individual patient in order to
improve outcomes. The goal of treatment of an elderly patient is not necessarily to increase
human longevity regardless of the consequences, but to increase active longevity free from
disability and functional dependence. For older people, deterioration in function can be
devastating and is often precipitated by a stressful event such as an acute episode of illness
or injury. Therefore a mainstay of treatment of the aged is prevention of functional decline.
In this review, we will outline the extreme variability in the aging process, and its
implications for tailoring the perioperative care for the elderly. We will provide an overview
of the challenges, when dealing with the aged surgical population with emphasis on
postoperative cognitive changes.
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In recent years a growing interest has revolved around the
impact of surgery and anaesthesia on the elderly. As life
expectancy increases with more elderly patients undergoing
surgery [1], it is imperative that knowledge on this important
topic is disseminated for health care systems and providers
to understand why elderly are different and how manage-
ment needs to be modiﬁed to improve outcome.
Especially postoperative cognitive decline is much more
common in the elderly and this has been associated with
higher morbidity and mortality among elderly, which chal-
lenges the beneﬁts of surgery in this population.
In this review, we will provide an overview of the problems
when dealing with the aged, with emphasis on postoperative
cognitive changes.Ageing and the aged patient population
Ageing is a physiological process, where the structure and
functional capacity of organs and tissue progressively degen-
erates over time. The ageing process is extra-ordinarily
complex, and is constantly inﬂuenced by numerous factors;
such as life style choices, environment, genetics, social net-
work and chronic diseases [2]. The geriatric population has a
higher prevalence of numerous medical conditions and co-
morbidity; including atherosclerosis, heart failure, diabetes,
chronic obstructive lung disease, kidney impairment, and
dementia. Often patients receive several drugs for their
chronic diseases, which may have negative connotations.
Polypharmacy can be associated with increased risk of
adverse drug reactions, problematic drug interactions, and
medication errors [3].
Humans age differently, for which reason the elderly
patient population is health-wise extremely diverse. A large
proportion of elderly is functionally independent; they are
healthy or have well treated milder chronic diseases. How-
ever, a signiﬁcant proportion of elderly are particularly frail;
they have severe chronic diseases, high level of co-morbidity,
and may have low functional capacity.
The human body has the capability to compensate for the
age related changes to some extent, but elderly, healthy or
sick, have a limited physiological reserve that can become
evident upon application of stressors [4,5]. The increased
frailty renders the elderly patient at risk of transient dis-
abilities. This can potentially push the elderly into a vicious
cycle that ultimately may lead to permanent loss of daily
functions, loss of self-care capacity, dependence on suppor-
tive care or institutionalization [6]. Clinicians should be
particularly aware of tailoring care and support to the
individual patient's needs, and for the elderly this may
include careful considerations on how to prevent functional
decline and disabilitiesImportant aspects of perioperative care of the aged
A preoperative consultation is essential to evaluate the
perioperative risks and plan preventive perioperative actions.
It is important to address all the aspects of the elderly
patient, which include changes induced by the process of
aging, the cumulative impact of co-existing diseases, pre-
sence of polypharmacy, difﬁculties in communication and
comprehension (reduced hearing or vision), compromised
cognitive function, and a consideration whether the patient
can provide informed consent [7]. It should always be con-
sidered, where a certain procedure for the individual patient
could be best carried out. Certain patients should only be
treated in places where supportive care and increased mon-
itoring are available, for example elderly patients with bleed-
ing disorders, or signiﬁcant heart disease going through more
invasive procedures. Relevant specialists e.g. a geriatrician
should be consulted whenever in doubt how to provide best
practice of care.
Generally, adjustment of drug selection and dosage is
required for the elderly. Elderly patients are generally more
sensitive to analgesics and sedatives. As polypharmacy is
frequent, one should be aware of potential interactions. The
variability in pharmacodynamics and kinetics is high;
usually, smaller doses are needed for clinical effect compared
to the adult population, and the duration of action is
prolonged. Therefore dosing should be carefully titrated by
the principle: “start low – go slow” [8]. Using local anaes-
thetics for elderly is usually safe. Not different from other
adults, clinicians should be aware of allergies, decreased liver
and kidney function, and pay attention to correct dosing of
local anaesthetics to prevent toxic reactions [9].
It is essential to avoid inadequate pain relief; particular
awareness should be given to the patients lacking commu-
nication abilities, as they may not be able to express if they
experience pain (for an example a patient with severe
dementia, or a patient suffering from a severe stroke). The
use of multimodal analgesia is usually beneﬁcial. This
includes a combination of different analgesics and adjuvants.
Anti-inﬂammatory drugs should be used cautiously, espe-
cially because of the risk of gastric bleeding, and renal
impairment [10].
Sedation should be carried out with extreme caution since
elderly are more susceptible to drugs acting on the central
nervous system. Premedication with anxiolytics with weak
sedative effects may be feasible with no further monitoring
[11]; however deeper sedation should be carried out under
continuous monitoring of vital functions (oxygen saturation,
respiratory rate, heart rate, blood pressure, and electrocardio-
gram). General anaesthesia can be performed with either
intravenous or inhaled anaesthetics. Selection of anaesthesia
has to be individualized and inﬂuenced not only by the
condition, but also by the anaesthesiologist's skill and expertise.
Elderly are at higher risks for complications postopera-
tively. The immune system is not as effective as in the
younger population, why elderly are more prone to hospital
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tions include thromboembolic events, dehydration, insufﬁ-
cient nutrition intake, and insufﬁcient pain treatment [12].
In past years, a growing interest has revolved around a
signiﬁcant part of elderly patients that experience cognitive
decline after an operation. It has been proposed, that anaes-
thetics could induce cognitive alterations.Syndromes of postoperative cognitive
deterioration in the elderly
Postoperative cognitive impairment can potentially affect
patients of all ages, but is predominantly seen in the elderly.
Postoperative delirium (POD) and postoperative cognitive
dysfunction (POCD) are the most common syndromes of
neurobehavioral disturbances presenting after surgery; it is
an on-going discussion whether these syndromes are part of
a continuum or separate entities [1,13,14].
Postoperative delirium
Two types of delirium can be present in the postoperative
phase; emergence delirium (ED) and postoperative delirium
(POD). ED is benign temporal cognitive disorientation, that
can occur during the transition from anaesthesia to wakeful-
ness and resolves within minutes or hours [15,16], whilst
(POD) is an acute organic brain syndrome that usually devel-
ops within the ﬁrst few postoperative days [13,16].
POD is a common condition; approximately 15% of elderly
patients experience POD after elective procedures, with a
pronounced higher incidence rate (30–70%) for elderly under-
going emergency or major surgery [17,18]. A key feature of
POD is the sudden onset of symptoms that tend to ﬂuctuate
during the course of the day. Following a lucid interval after
surgery, patients characteristically debut with a disturbance
in consciousness (reduced clarity of awareness, reduced
ability to focus or sustain attention, reduced awareness of
the surrounding environment). This is accompanied by cog-
nitive changes (memory deﬁcit, disorientation, language dis-
turbances) or/and perceptual disturbances such as vivid
hallucinations [18,19]. The severity of symptoms varies tre-
mendously, which has been acknowledged by implementa-
tion of sub-diagnoses of POD based upon the patient's
psychomotor behaviour. The psychomotor types of delirium
can range from hypoactive states e.g. the patient is sluggish
or lethargic to hyperactive states, where the patient may be
restless, agitated or even aggressive or violent [16]. Hypoac-
tive forms of POD may be under-diagnosed due to a relatively
non-disturbing behaviour, or misdiagnosed as symptomatic
manifestations of dementia or depression [20]. However,
clinicians should be particularly aware of signs of psycho-
motoric inhibition in elderly patients (to the point of stupor),
as patients that develop a hypoactive form of POD seem to
have a relatively increased mortality [20].
The pathophysiology of POD is still poorly understood.
It may be related to disturbances in the production, release,
or inactivation of neurotransmitters [21]. Another suspected
culprit of POD is modulation of the inﬂammatory signalling
system. This hypothesis suggests recruitment and activationof inﬂammatory substances in response to the surgical stress
and anaesthesia may trigger neuroinﬂammation, thus attri-
buting to POD [22–26].
Despite the underlying mechanism is still poorly under-
stood, several predisposing and eliciting factors have been
recognized. Predisposing factors include advanced age, pre-
operative cognitive impairment such as dementia, pre-
existing medical disease burden, and genetic factors, for an
example patients with a high-risk gene identiﬁed in Alzhei-
mer's disease (apolipoprotein E4 phenotype) have higher
incidence and longer duration of POD [27].
Eliciting factors have been identiﬁed to include infection/
inﬂammation, metabolite disturbances, substance withdra-
wal, medications, discomfort, environmental disturbances
including sleep disruption, and severe pain with inadequate
analgesia [28]. The risk factor for developing POD is additive,
therefore recognizing the presence of one or more of the
factors should render clinicians particularly aware of cogni-
tive changes in the postoperative phase. Treatment of POD
requires a multicomponent strategy aimed at both optimizing
preventative measures in addition to eliminating eliciting
triggers, if this does not reverse the symptoms, pharmacolo-
gic intervention with haloperidol may be required after
excluding modiﬁable causes [29].
POD is an acute disorder, but has been associated with a
wide range of negative long-term outcomes for the elderly,
despite that patients may initially recover completely [28,30].
POD is associated with reduced function and independence,
increased short- and long-term mortality, and prolonged
cognitive impairment in survivors [28]. It has been suggested,
that POD could induce dementia, but the association is not
conﬁrmed. There seems to be a signiﬁcantly higher propor-
tion of patients who experience POD that eventually will be
given a diagnosis of dementia [31], but this may reﬂect that
patients with pre-existing cognitive impairment may be more
frail thus developing cognitive problems more easily.
Postoperative cognitive dysfunction
Opposed to POD, postoperative cognitive dysfunction (POCD)
is more subtle. POCD can affect a wide spectrum of neurop-
sychological domains such as memory, psychomotor speed,
information processing, and executive functions. The patient
experiences, or their relatives observe, a subtle deterioration
of daily cognitive performance that typically last for weeks or
months postoperatively [31,32]. The majority of patients
experiencing POCD debut with minor decrement of cognitive
function such as discrete memory problems, mild personality
changes, or the experience that formerly uncomplicated daily
tasks suddenly are somewhat difﬁcult to execute; for an
example patients report that they cannot concentrate sufﬁ-
ciently to read the newspaper, or have forgotten how to brew
coffee. Profound changes with signiﬁcant loss of memory,
intellectual abilities, or executive functions can be seen. Most
patients return to their preoperative function after a shorter
period of time, but whether POCD can precede a permanent
deterioration of a patient's cognitive trajectory is still debated
and not entirely clear [13,30].
Approximately 10% of elderly undergoing surgery will
develop POCD [33]. The true incidence is probably
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with pre-existing cognitive impairment or dementia at base-
line [32,33].
The pathogenic mechanism leading to POCD is not well
understood. Loss of cognitive reserve, cumulative effect of
chronic disease, altered response to anaesthetics, and toxic
effects of anaesthetics have been suggested, but not been
proven to be responsible for postoperative cognitive decline
in the elderly [34–36]. Similar to POD, the incidence rate of
POCD varies with higher incidence in the subpopulation of
elderly undergoing major surgery suggesting that a profound
systemic inﬂammatory response may induce alteration of
neurotransmitter function, neuroendocrine or immunomo-
dulatory pathways [37–40], which eventually can lead to
cognitive dysfunction.
Predisposing factors for POCD have been identiﬁed, which
are quite similar to POD. These include advanced age, prior
cognitive impairment, post- and perioperative complications
(infection, second operation), and lower levels of education
[1,41,42]. However, the evidence is slightly divergent, as some
studies support while others cannot conﬁrm correlations
between these factors and POCD [36].
The development of POCD may adversely inﬂuence long
health term outcome; it is associated with impairments of
daily functioning, premature departure from the labour
market and dependency on ﬁnancial and personal support
from government or family after hospital discharge, and most
disturbingly is POCD associated with increased mortality
[1,42,43].Diagnosing postoperative cognitive impairment
To detect a postoperative cognitive decline, the clinician
must foremost be aware of the patient's habitual cognitive
status to make a reasonable evaluation of changes from their
individual baseline status. Various studies of both POCD and
POD indicate that new onset of cerebral dysfunction in
elderly is readily overlooked due to an incorrect assumption
of pre-existing cognitive dysfunction.
The diagnosis of POD is based on detection of symptoms,
where POCD encompass more subtle cognitive changes of
one or more cognitive domains, which is why detection
requires repeatedly neuropsychological testing.
Delirium is well deﬁned in international disease classiﬁca-
tion systems, which relies on various compositions of
diagnostic criteria [44,45]. Nevertheless, rapid bed-side
assessment tools are more clinically appropriate for discover-
ing delirium for the individual patient. Numerous suggestions
of user-friendly diagnostic tools such as The Confusion
Assessment Method (CAM), Nursing Delirium Symptom
Checklist (NuDESC) have been developed. The Confusion
Assessment Method for the Intensive Care Unit (CAM-ICU)
have been validated in non-postoperative settings [46,47].
However, there are shortcomings of these tools; they have
failed to stratify severity of delirium [48], and studies have
questioned their speciﬁcity when used in postoperative set-
tings [46]. Invention of an easy and exact clinically applicable
delirium tool validated in postoperative settings is still
demanded. Full-scale hyperactive delirium is usually easyto detect; however when suspicion of milder and ﬂuctuating
neuropsychological changes arises, repeatedly testing to
capture the presence of POD should be initiated.
POCD has been vigorously studied since it ﬁrst was
described in scientiﬁc literature half a century ago; however
the understanding of POCD is still evolving, thus no interna-
tional classiﬁcation system has formulated diagnostic criteria
for POCD. A general consensus in scientiﬁc literature has
formed, that POCD reﬂects affection of numerous neuropsy-
chological domains, implying that detection relies on pre-
and postoperative repeated testing of cognitive function by a
battery of comprehensive neuropsychological tests [49]. Still
core issues remain to be clariﬁed; what determinate a clinical
relevant decline in cognitive function, what are the optimal
tests for measuring POCD, what are the timeframe in which a
cognitive decline could merely be attributed to the periopera-
tive trajectory instead of normal changes related to the
ageing process of the human brain, what is the optimal
timing for testing cognitive function before and after surgery?
Adjustment for anxiety through inclusion of mood and
anxiety scores may also be incorporated, because perfor-
mance may be negatively affected by surgery-associated
anxiety [50,51].
The difﬁculties of understanding and establishing diag-
nostic criteria for POCD may be ascribed to large diversity and
methodological limitations among previous studies; lack of
appropriate control groups, lack of baseline data on cognitive
function, variation in deﬁnition on the magnitude of cogni-
tive change attributed to cognitive dysfunction, missing
validation of observations, inconsistent timing of testing,
variation in test selection, or use of insensitive test batteries
e.g. tests that do not address the patient's affected cognitive
domains, or tests that are insufﬁcient to detect changes in
cognitive function over time [49–51].Anaesthetic management
At this point, no evidence supports the choice of one anaes-
thetic over another. The same applies for anaesthetic techni-
que. In the early days of studying patients' postoperative
cognitive trajectories, an association between the anaesthetic
technique and POCD was proposed, contemplating that
general anaesthesia led to higher incidences of POCD and
POD. However, a growing amount of evidence shows that
the choice of general versus regional anaesthesia does not
appear to inﬂuence on the occurrence or magnitude of POD
or POCD [42,52,53].
As the pathogenesis of postoperative changes has been
associated with inﬂammatory mediators, intra-operatively
use of intravenous lidocaine was believed to provide neuro-
protection by modulation of the inﬂammatory response,
however no current evidence supports this theory [54].
Sedation may be employed in elderly in conjunction with
regional anaesthesia, but careful age-related dose reduction
is needed, and the feasibility of sedation is not quite eluci-
dated [53,55]. In one trial, patient-controlled sedation was
administered in elective ophthalmologic day-surgery with a
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cognitive function [56], but the technique has not yet been
validated in other studies. Perioperative sedation by dexme-
detomidine infusion may be superior to other sedatives in
reducing the incidence of POD [57,58], the effect on POCD is
yet not elucidated.
Intraoperative close monitoring is believed to be essential
to sustain physiologic homoeostasis (e.g. continuous measur-
ing by arterial gasses including status of electrolytes, tem-
perature, urinary output, saturation, cardiac output, depth
of sedation, brain oxygenation). However, the impact of
extended monitoring and goal directed therapy on post-
operative cognitive changes is not entirely clear. Carefully
titrating anaesthesia using perioperative brain monitoring
has been a research area of great interest [59]; cerebral
oxygen oximetery can be measured by intra-operative near-
infrared spectroscopy (NIRS), and depth of anaesthesia can be
guided by continuous recordings of electroencephalograms
processed by a bispectral index (BIS) monitor or auditory
evoked potentials [32,55,59–64].
The evidence on effectiveness of minimizing cerebral
oxygen desaturation and depth of sleep has been divergent
[32,55,59–66], but there is mounting evidence from several
randomised, controlled trials that anaesthetic adminis-
tration guided by BIS-protocols can decrease POD [62].
However, future research with larger trials is needed to draw
conclusions.
Currently there is no good evidence for the efﬁcacy of any
speciﬁc intervention to decrease POCD and POD. Distinct
patient-related risk factors may be of greater aetiological
importance than perioperative surgical or anaesthetic man-
agement [49,51,67]. From the patient's hospital admission to
discharge, emphases to maintain homoeostasis and restore
daily physical function may be most important.Conclusion
Postoperative cognitive complications are often transitory,
but can be associated with devastating outcomes in elderly
patients. Understanding the causality concerning both POD
and POCD is pending, but seems to be multifactorial.
To further substantiate the optimal management of these
patients, future trials should be carefully designed, and
employ administration of valid pre- and postoperative tests,
that are easily applicable in clinical practice.
To this point, careful patient-centred management is
essential to provide elderly patients their best chance of
returning to their previous level of function.Competing interest
No external funding and no competing interests declared.
Dr. Camilla Strøm is supported from Regions Sjaelland and
Copenhagen University. Professor Lars S. Rasmussen, MD.
DMSci is supported by Tryg Foundation.r e f e r e n c e s
[1] T.G. Monk, B.C. Weldon, C.W. Garvan, D.E. Dede, M.T. van der
Aa, K.M. Heilman, J.S. Gravenstein, Predictors of cognitive
dysfunction after major noncardiac surgery, Anesthesiology
108 (2008) 18–30.
[2] M. Tosato, V. Zamboni, A. Ferrini, M. Cesari, The aging
process and potential interventions to extend life
expectancy, Clin. Interv. Aging 2 (2007) 401–412.
[3] E.R. Hajjar, A.C. Cafiero, J.T. Hanlon, Polypharmacy in elderly
patients, Am. J. Geriatr. Pharmacother. 5 (2007) 345–351.
[4] R. Griffiths, F. Beech, A. Brown, J. Dhesi, I. Foo, J. Goodall,
W. Harrop-Griffiths, J. Jameson, N. Love, K. Pappenheim,
S. White, Peri-operative care of the elderly 2014: association
of anaesthetists of Great Britain and Ireland, Anaesthesia 69
(2014) 81–98.
[5] Y. Stern, Cognitive reserve, Neuropsychologia 47 (2009)
2015–2028.
[6] A.D. Beswick, K. Rees, P. Dieppe, S. Ayia, R. Gooberman-Hill,
J. Horwood, S. Ebrahim, Complex interventions to improve
physical function and maintain independent living in elderly
people: a systematic review and meta-analysis, Lancet 371
(2008) 725–735.
[7] G. Bettelli, Preoperative evaluation in geriatric surgery:
comorbidity, functional status and pharmacological history,
Minerva Anestesiol. 77 (2011) 637–646.
[8] P.A. Schofield, The assessment and management of
perioperative pain in older adults, Anaesthesia 69 (2014)
54–60.
[9] E. Hersh, P. Moore, Drug interactions in dentistry, J. Am. Dent.
Assoc. 136 (2004) 298–311.
[10] J.C. Coldrey, R.N. Upton, P.E. Macintyre, Advances in
analgesia in the older patient, Best Pract. Res. Clin.
Anaesthesiol. 25 (2011) 367–378.
[11] T. Erb, M. Sluga, K.F. Hampl, W. Ummenhofer, M.C.
Schneider, Preoperative anxiolysis with minimal sedation in
elderly patients: bromazepam or clorazepate-dipotassium?,
Acta Anaesthesiol. Scand. 42 (1998) 97–101.
[12] L.L. Liu, J.M. Leung, Predicting adverse postoperative
outcomes in patients aged 80 years or older, J. Am. Geriatr.
Soc. 48 (2000) 405–412.
[13] J.S. Saczynski, E.R. Marcantonio, L. Quach, T.G. Fong, A.
Gross, S.K. Inouye, R.N. Jones, Cognitive trajectories after
postoperative delirium, N. Engl. J. Med. 367 (2012) 30–39.
[14] G. Crosby, D.J. Culley, B.T. Hyman, Preoperative cognitive
assessment of the elderly surgical patient: a call for action,
Anesthesiology 114 (2011) 1265–1268.
[15] F.M. Radtke, M. Franck, L. Hagemann, M. Seeling, K.D.
Wernecke, C.D. Spies, Risk factors for inadequate emergence
after anesthesia: emergence delirium and hypoactive
emergence, Minerva Anestesiol. 76 (2010) 394–403.
[16] J. Young, S.K. Inouye, Delirium in older people, Br. Med. J. 33
(2007) 842–846 (Clinical Research Ed.).
[17] L. Ansaloni, F. Catena, R. Chattat, et al., Risk factors and
incidence of postoperative delirium in elderly patients
after elective and emergency surgery, Br. J. Surg. 97 (2010)
273–280.
[18] S.K. Inouye, C.H. van Dyck, C.A. Alessi, et al., Clarifying
confusion: the confusion assessment method. A new
method for detection of delirium, Ann. Intern. Med. 113
(1990) 941–948.
[19] M.G. Cole, Delirium in elderly patients, Am. J. Geriatr.
Psychiatry 12 (2004) 7–21.
[20] F.M. Yang, E.R. Marcantonio, S.K. Inouye, et al.,
Phenomenological subtypes of delirium in older persons:
patterns, prevalence, and prognosis, Psychosomatics 50
(2009) 248–254.
S i n g a p o r e D e n t a l J o u r n a l 3 5 ( 2 0 1 4 ) 2 3 – 2 928[21] L. Tune, Serum anticholinergic activity levels and delirium in
the elderly, Sem. Clin. Neuropsychiatry 110 (2000) 781–787.
[22] J.L. Rudolph, B. Ramlawi, G.A. Kuchel, et al., Chemokines are
associated with delirium after cardiac surgery, J. Gerontol.
63A (2008) 184–189.
[23] A.M. MacLullich, B.T. Edelshain, R.J. Hall, et al., Cerebrospinal
fluid interleukin-8 levels are higher in people with hip
fracture with perioperative delirium than in controls, J. Am.
Geriatr. Soc. 59 (2011) 1151–1153.
[24] X. Ye, Q. Lian, M.F. Eckenhoff, R.G. Eckenhoff, J.Z. Pan,
Differential general anesthetic effects on microglial cytokine
expression, PLoS One 8 (2013) e52887.
[25] W.A. van Gool, D. van de Beek, P. Eikelenboom, Systemic
infection and delirium: when cytokines and acetylcholine
collide, Lancet 375 (2010) 773–775.
[26] M. Cibelli, A.R. Fidalgo, N. Terrando, D. Ma, C. Monaco, M.
Feldmann, et al., Role of interleukin-1beta in postoperative
cognitive dysfunction, Ann. Neurol. 68 (2010) 360–368.
[27] C. Brauer, R.S. Morrsion, S.B. Silberzweig, A.L. Siu, The cause
of delirium in patients with hip fracture, Arch. Intern. Med.
160 (2000) 1856–1860.
[28] E.R. Marcantonio, L. Goldman, C.M. Mangione, L.E. Ludwig, B.
Muraca, C.M. Haslauer, M.C. Donaldson, A.D. Whittemore, D.
J. Sugarbaker, R. Poss, A clinical prediction rule for delirium
after elective noncardiac surgery, JAMA 271 (1994) 134–139.
[29] K.J. Kalisvaart, J.F. de Jonghe, M.J. Bogaards, R. Vreeswijk, T.C.
Egberts, B.J. Burger, et al., Haloperidol prophylaxis for elderly
hip-surgery patients at risk for delirium: a randomized
placebo-controlled study, J. Am. Geriatr. Soc. 53 (2005)
1658–1666.
[30] J.L. Rudolph, E.R. Marcantonio, Review articles: postoperative
delirium: acute change with long-term implications, Anesth.
Analg. 112 (2011) 1202–1211.
[31] S. Deiner, J.H. Silverstein, Postoperative delirium and
cognitive dysfunction, Br. J. Anaesth. 103 (2009) i41–i46.
[32] C. Ballard, E. Jones, N. Gauge, et al., Optimised anaesthesia to
reduce post operative cognitive decline (POCD) in older
patients undergoing elective surgery, a randomised
controlled trial, PLoS One 7 (2012) e37410.
[33] L. Krenk, L.S. Rasmussen, Postoperative delirium and
postoperative cognitive dysfunction in the elderly – what are
the differences?, Minerva Anestesiol. 77 (2011) 742–749.
[34] E.N. Brown, P.L. Purdon, C.J. Van Dort, General anaesthesia
and altered states of arousal: a systems neuroscience
analysis, Annu. Rev. Neurosci. 34 (2011) 601–628.
[35] C. Pratico, D. Quattrone, T. Lucanto, et al., Drugs of
anaesthesia acting on central cholinergic system may cause
post-operative cognitive dysfunction and delirium, Med.
Hypotheses 65 (2005) 972–982.
[36] D. Van Dijk, M. Spoor, Cognitive and cardiac outcomes
5 years after off-pump vs. on-pump coronary artery bypass
graft surgery, J. Am. Med. Assoc. 297 (2007) 701–708.
[37] J.L. Rudolph, K.A. Schreiber, D.J. Culley, et al., Measurement
of post-operative cognitive dysfunction after cardiac surgery:
a systematic review, Acta Anaesthesiol. Scand. 54 (2010)
663–677.
[38] L.S. Rasmussen, J.T. O’Brien, J.H. Silverstein, et al., Is peri-
operative cortisol secretion related to post-operative
cognitive dysfunction?, Acta Anaesthesiol. Scand. 49 (2005)
1225–1231.
[39] A.E. Hudson, H.C. Hemmings, Are anaesthetics toxic to the
brain?, Br. J. Anaesth. 107 (2011) 30–37.
[40] S. Newman, J. Stygall, S. Hirani, S. Shaefi, M. Maze,
Postoperative cognitive dysfunction after noncardiac
surgery: a systematic review, Anesthesiology 106 (2007)
572–590.
[41] D.L. McDonagh, J.P. Mathew, W.D. White, B. Phillips-Bute,
D.T. Laskowitz, M.V. Podgoreanu, M.F. Newman, NeurologicOutcome Research Group, Cognitive function after major
noncardiac surgery, apolipoprotein E4 genotype, and
biomarkers of brain injury, Anesthesiology 112 (2010)
852–859.
[42] J.T. Moller, P. Cluitmans, L.S. Rasmussen, et al., Long-term
postoperative cognitive dysfunction in the elderly ISPOCD1
study. ISPOCD investigators. International study of post-
operative cognitive dysfunction, Lancet 351 (1998) 857–861.
[43] J. Steinmetz, K.B. Christensen, T. Lund, N. Lohse, L.S.
Rasmussen, Long-term consequences of postoperative
cognitive dysfunction, Anesthesiology 110 (2009) 548–555.
[44] World Health Organisation. International Statistical
Classification of Diseases and Related Health Problems 10th
Revision (ICD-10). 〈http://apps.who.int/classifications/icd10/
browse/2010/en〉 (accessed 01.06.14).
[45] American Psychiatric Association, Diagnostic and Statistical
Manual of Mental Disorders (Text Revised (DSM-IV), 4th ed.,
American Psychiatric Association, Washington DC, 2000.
[46] K.J. Neufeld, J.S. Leoutsakos, F.E. Sieber, et al., Evaluation of
two delirium screening tools for detecting post-operative
delirium in the elderly, Br. J. Anaesth. 111 (2013) 612–618.
[47] A. Luetz, A. Heymann, F.M. Radtke, et al., Different
assessment tools for intensive care unit delirium: which
score to use?, Crit. Care Med. 38 (2010) 409–418.
[48] F.M. Radtke, M. Franck, M. Schneider, et al., Comparison of
three scores to screen for delirium in the recovery room, Br. J.
Anaesth. 101 (2008) 338–343.
[49] M.R. Nadelson, R.D. Sanders, M.S. Avidan, Perioperative
cognitive trajectory in adults, Br. J. Anaesth. 112 (2014)
440–451.
[50] K. Funder, J. Steinmetz, L. Rasmussen, Methodological issues
of postoperative cognitive dysfunction research, Semin
Cardiothorax Vas Anesth. 14 (2010) 119–122.
[51] L. Rasmussen, K. Larsen, P. Houx, L. Skovgaard, C. Hanning, J.
Moller, The assessment of postoperative cognitive function,
Acta Anaesth. Scand. 45 (2001) 275–289.
[52] L.S. Rasmussen, T. Johnson, H.M. Kuipers, et al., Does
anesthesia cause postoperative cognitive dysfunction? A
randomised study of regional versus general anesthesia in
438 elderly patients, Acta Anaesthesiol. Scand. 47 (2003)
260–266.
[53] C.L. Wu, W. Hsu, J.M. Richman, S.N. Raja, Postoperative
cognitive function as an outcome of regional anesthesia and
analgesia, Reg. Anesth. Pain Med. 29 (2004) 257–268.
[54] G.B. Mathew JPM, B. Phillips-Bute, H.P. Grocott, D.D. Glower,
D.T. Laskowitz, J.A. Blumenthal, M.F. Newman, Randomized,
double-blinded, placebo controlled study of neuroprotection
with lidocaine in cardiac surgery, Stroke 40 (2009) 880–887.
[55] F.E. Sieber, K.J. Zakriya, A. Gottschalk, et al., Sedation depth
during spinal anaesthesia and the development of
postoperative delirium in elderly patients undergoing hip
fracture repair, Mayo Clin. Proc. 85 (2010) 18–26.
[56] M.J. Yun, A.Y. Oh, K.O. Kim, et al., Patient-controlled sedation
vs. anaesthetic nurse-controlled sedation for cataract
surgery in elderly patients, Int. J. Clin. Pract. 62 (2008)
776–780.
[57] F. Ji, Z. Li, H. Nguyen, et al., Perioperative dexmedetomidine
improves outcomes of cardiac surgery, Circulation 127 (2013)
1576–1584.
[58] J.L. Rudolph, R.N. Jones, S.E. Levkoff, et al., Derivation and
validation of a preoperative prediction rule for delirium after
cardiac surgery, Circulation 119 (2009) 229–236.
[59] F. Zheng, R. Sheinberg, M.S. Yee, M. Ono, Y. Zheng, C.W.
Hogue, Cerebral near-infrared spectroscopy monitoring and
neurologic outcomes in adult cardiac surgery patients: a
systematic review, Anesth. Analg. 116 (2013) 663–676.
[60] M.T.V. Chan, V. Benny, C.P. Cheng, T.M.C. Lee, T Gin, CODA
Trial Group, BIS-guided anesthesia decreases postoperative
S i n g a p o r e D e n t a l J o u r n a l 3 5 ( 2 0 1 4 ) 2 3 – 2 9 29delirium and cognitive decline, J. Neurosurg. Anesthesiol. 25
(2013) 33–42.
[61] F.M. Radtke, M. Franck, J. Lendner, S. Kru¨ger, K.D. Wernecke,
C.D. Spies, Monitoring depth of anaesthesia in a randomized
trial decreases the rate of postoperative delirium but not
postoperative cognitive dysfunction, Br. J. Anaesth. 110 (2013)
i98–105.
[62] M.T. Chan, B.C. Cheng, T.M. Lee, T. Gin, CODA Trial Group,
BIS-guided anesthesia decreases postoperative delirium
and cognitive decline, J. Neurosurg. Anesthesiol. 25 (2013)
33–42.
[63] H.B. Nielsen, Systematic review of near-infrared
spectroscopy determined cerebral oxygenation during non-
cardiac surgery, Front Physiol. 5 (2014) 93.[64] P.K. Jildenstal, J.L. Hallen, N. Rawal, A. Gupta, L. Berggren,
Effect of auditory evoked potential-guided anaesthesia on
consumption of anaesthetics and early postoperative
cognitive dysfunction: a randomised controlled trial, Eur. J.
Anaesthesiol. 28 (2011) 213–219.
[65] J. Steinmetz, K.S. Funder, B.T. Dahl, L.S. Rasmussen, Depth of
anaesthesia and post-operative cognitive dysfunction, Acta
Anaesthesiol. Scand. 54 (2010) 162–168.
[66] E. Farag, G.J. Chelune, A. Schubert, E.J. Mascha, Is depth of
anaesthesia, as assessed by the bispectral index, related to
postoperative cognitive dysfunction and recovery, Anesth.
Analg. 103 (2006) 633–640.
[67] T.G. Monk, C.C. Price, Postoperative cognitive disorders, Curr.
Opin. Crit. Care 17 (2011) 376–381.
